Some physics result highlights from NUINT15 ...
with a DUNE-ish perspective
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MINERVA and flux update
(T. Golan: new NuMI flux model, M. Betancourt: effect on CCQE results)

® We have a new flux with improvements, main changes to beamline Shifts in CCQE dsigma/dQ2 of 20%
geometry and updates to the simulation (simulation has been
constrained to hadron production data) CCOpi with nue scattering flux constraint 5%

® Comparison of the new vs old flux for neutrinos (old flux=flux from
2013 publication)
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Note that flux change is
significant when compared to
models for both neutrinos (top)
and anti-neutrinos (bottom)

Fairly strong preference for
NuWro with Transverse
Enhancement Model with
MA=0.99

TEM is empirical model where
magnetic form factors of bound
nucleons are tuned to reproduce
enhancement in the transverse
xsec in eA scattering which is
attributed to meson exchange
currents in the nucleus

A. Bodek, H. Budd, M. Christy,
Eur. Phys. J. C71, 1726 (2011)



T2K Low Energy CCOpi Redi

( muon + no pions in the final state ) muon cose 0.85 - 0.90
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ryents

MINERVA CCQE-like with one muon and one proton
Looking in bins of acoplanarity angle (Betancourt)

Neutrino Energy(proton+muon) - Neutrino from

QE Hypothesis

Neutrino energy prediction differences

® [, isreconstructed using the muon and proton information

° Ev,QE is reconstructed using the QE hypothesis from muon angle and momentum
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Events / 1.5 GeV

Events / 1.5 GeV

MINERVA also showing double differential CCQE-like cross
sections in p, and p,

® Data and simulation event distributions vs. longitudinal muon momentum, in bins of

transverse muon momentum
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2-body current contribution to CCQE is here to stay
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Electron neutrino CCQE-like cross sections J. Wolcott, Tufts (Rochester Ph.D. thesis work)
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Wolcott - MINERVA V — >V
..g .500:— Absolutely normalized (349 x 10 P.O.T))
g - Statistical uncertainties only
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Min. 100mm dE/dx in first 500mm (MeV/cm)
Oddly enough, | don’t think this has been seen and
characterized separately before. Has been part of coherent
pizero production signal. Am | missing something here?



New CC inclusive electron neutrino

v, CC o (x10™%° cm#nucleon)

results from NOVA
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Existing Deuterium Data

» Two main datasets from H, and D, bubble chambers, Mcfarland - pion

“ANL” [G. Radecky et al., Phys. Rev. D25, 1161 (1982)] and review talk

“BNL” [T. Kitagaki et al., Phys. Rev. D34, 2554 (1986)] that
comprehensively measure pion production

» Published results disagree by

30-40% and this is a 11 .
, _ - [ Vp—= u pr e g
major problem in “c 08! == T
attempts to extract 3 o6l + J T
axial form factors 2 | Ay
. 04Ff Lt
o [ Vo am
° 02f g BNL ~—— -
From O. Lalakulich and U. Mosel, , Phys. Rev. 0 3 .f"/". o AN'— "
C87, 014612 (2013). Curves are ranges of pion 05 1 15 2
production on D, from GiBUU model. | E. (GeV) '

18 November 2015 K. McFarland, Pion Production
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Resolving the Deuterium -
“Problem”

» Both experiments had large and difficult to quantify flux
uncertainties. Recent observation: ratios of pion
production to other processes are consistent.

» Therefore “correct” results using reliable predictions of CCQE
with axial form factor set by electroproduction of pions.

[C. Wilkinson, P. Rodrigues et al, Phys Rev D90 (2014) 112017]
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v, Tracker — p*1%X (X has no mesons)
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Single charged pion production comparison,
tension between MINERVA and MiniBooNE
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Coherent pion production

« Recent MINERVA data ;
(Phys.Rev.Lett. 113 (2014) 26, 261802) &
shows overestimate of low 8

energy pions in generators
« Updating (PRD in preparation)
» Biggest effect of low energy
pions is at low E,

» Explains non-observations at =
K2K and SciBooNE? -
* Note also recent ArgoNeuT §
measurement on Ar (low statistics), -

Phys Rev. Lett 113 (2014) 261801

18 November 2015 K. McFarland, Pion F . ..
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Coherent pion production

« Main new result is Q% dependence of reaction.
= PCAC predicts identical cross section at Q2—0 limit
= Q2 distribution is a model-dependent assumption
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eA, high stats measurement of single pion production cross sections
Jlab CLAS, eg2, 5 GeV electron beam ’
yupwoo Lee
A=D,C,Fe,Pb (Rochester)
Xsecs produced in +,-,W,Q?,pion momentum, pion angle
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£ E . t < "F o e, Might be helpful for FSI studies.
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AGKY, EPJCE3(20059)1
TK and Mandalia,JPhysG42(2015)115004

1. GENIE hadronization model (AGKY model) QR.{_;? 4 PYTHIAD

Cross section

W?<2.9 GeV? : RES

W2>2.9 GeV? : DIS

Hadronization (AGKY model)
W2<5.3GeV? : KNO scaling based model

2.3GeV2<\W2<9.0GeV? : transition

9.0GeV2<W? : PYTHIAB
W2 distribution for H,O target with atmospheric-v flux (GENIE)
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1. Introduction
2. Hadronization
3. PYTHIA funing

5. Conclusion

There are 2 kind of “transitions” in SIS region
- cross-section
- hadronization
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The neutrino MC’s that use PYTHIA 6
systematically underestimate the charged
hadron multiplicity of DIS events.

Need to tune

TK working on putting PYTHIA 8 into GENIE
(maybe next model release in 2016)
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